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(57) ABSTRACT 

To provide an algorithm-based optimizing controller Which 
can search for an optimal solution in line With user require 
ments With reduced time requirements for optimization. 

An interactive optimizer 310 searches for an optimal solu 
tion of a responsivity calculator 342 using a GA While 
repeatedly evaluating, interactively, responsivity outputted 
from the responsivity calculator 342 Which receives control 
coefficients that affect control characteristics of the interac 
tive optimizer 310 and outputs the responsivity. An autono 
mous optimizer 350 searches for an optimal solution of a 
fuel consumption calculator 372 using the GA While repeat 
edly evaluating, autonomously, fuel consumption outputted 
from the fuel consumption calculator 372 such that the 
responsivity Will be Within a predetermined range based on 
the responsivity determined from the optimal solution found 
in the optimization of the interactive optimizer 310 using the 
fuel consumption calculator 372 Which receives control 
coefficients that affect control characteristics of the autono 
mous optimizer 350 and outputs the fuel consumption. 

9 Claims, 11 Drawing Sheets 
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OPTIMAL SOLUTION SEARCH DEVICE, 
DEVICE FOR CONTROLLING 

CONTROLLED OBJECT BY OPTIMIZING 
ALGORITHM, AND OPTIMAL SOLUTION 

SEARCH PROGRAM 

TECHNICAL FIELD 

The present invention relates to a device and program 
Which search for an optimal solution of evaluation function 
using an optimizing algorithm and, more particularly, to an 
optimal solution search device, algorithm-based optimizing 
controller, and optimal solution search program Which can 
search for an optimal solution in line With user requirements 
With reduced time requirements for optimization. 

BACKGROUND ART 

Conventionally, When controlling characteristics of prod 
ucts such as vehicles or household electric appliances, the 
characteristics of the products to be controlled are decided 
so as to suit as Wide a range of users as possible by taking 
tastes and usage patterns of target users Who are expected to 
use the products into consideration in the development and 
design phases. HoWever, since the user Who Will use the 
above-mentioned products have their oWn individuality and 
vary Widely in tastes, it is practically impossible to provide 
characteristics Which Will satisfy all the users even if the 
products are developed and designed by taking the tastes of 
the target users into consideration as described above. To 
solve this problem, methods are folloWed Which change 
control characteristics in such a Way as to satisfy users by 
estimating tastes and usage patterns of the users after sales 
using optimizing algorithms such as a GA. 

To optimize control characteristics using an optimizing 
algorithm, either an autonomous evaluation method or inter 
active evaluation method is adopted: the former optimizes 
control characteristics by autonomously evaluating digi 
talized control results based on predetermined evaluation 
criteria and the latter optimizes control characteristics inter 
actively by presenting control results to the user. 

The autonomous evaluation method, Which makes evalu 
ation based on predetermined evaluation criteria, can opti 
mize control characteristics in a relatively short period of 
time, but is not suitable if evaluation criteria according to 
Which optimal values correspond to user tastes vary With the 
user. In contrast, the interactive evaluation method is suit 
able for cases in Which evaluation criteria according to 
Which optimal values correspond to user tastes vary With the 
user. HoWever, it is not possible to get many evaluation from 
the user in a short period of time. Thus, it takes a relatively 
long time to optimize, for example, all the control charac 
teristics of a vehicle When this method is used alone. 

The present invention has been made in vieW of such prior 
art problems yet to be solved. Its object is to provide an 
optimal solution search device, algorithm-based optimizing 
controller, and optimal solution search program Which can 
search for an optimal solution in line With user requirements 
With reduced time requirements for optimization. 

DISCLOSURE OF THE INVENTION 

To achieve the above object, the present invention pro 
vides an optimal solution search device Which searches for 
an optimal solution of an evaluation function by repeatedly 
evaluating output from the evaluation function using an 
optimizing algorithm, characterized in that searches based 
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2 
on the optimizing algorithm are carried out using a combi 
nation of interactive evaluation method evaluating the out 
put from the evaluation function based on interaction With a 
user and autonomous evaluation method evaluating the 
output from the evaluation function based on predetermined 
evaluation criteria. 

With this con?guration, as the output from the evaluation 
function are evaluated repeatedly through the combination 
of the autonomous evaluation method and interactive evalu 
ation method, an optimal solution of the evaluation function 
is searched for by the optimizing algorithm. 
The invention can be used, for example, to optimize 

control characteristics of a controlled object. HoWever, the 
invention is not limited to that, and it is applicable to various 
problems to Which optimizing algorithms are applied con 
ventionally. This is also true of an optimal solution search 
program. 

Also, as the optimizing algorithm, the invention set forth 
in claim 1 can use an evolutionary optimizing algorithm 
such as GA, GP (Genetic Progress), or ES (Evolutional 
Strategies). Alternatively, it can use an optimizing algorithm 
by means of local calculations or an optimizing algorithm by 
means of reinforcement learning. This is also true of an 
algorithm-based optimizing controller as Well as the optimal 
solution search program. 
The optimal solution search device comprises: storage 

means for storing the output from the evaluation function; 
evaluation value calculation means for calculating the output 
from the evaluation function as evaluation value and storing 
it in the storage means; and evaluation input means for 
inputting evaluation made by the user, and the interactive 
evaluation method performs evaluation based on entries 
made through the evaluation input means and the autono 
mous evaluation method performs evaluation based on the 
evaluation value stored in the storage means. 

With this con?guration, the evaluation value calculation 
means calculates the output from the evaluation function as 
evaluation value and stores the calculated evaluation value 
in the storage means. As the user inputs evaluation on the 
evaluation value, interactive evaluation method performs 
evaluation based on the inputted evaluation. On the other 
hand, autonomous evaluation method performs evaluation 
based on the evaluation value stored in the storage means. In 
this Way, as the output from the evaluation function are 
evaluated repeatedly through the combination of the autono 
mous evaluation method and interactive evaluation method, 
an optimal solution of the evaluation function is searched for 
by the optimizing algorithm. 
The storage means stores evaluation value by every 

available means at all times. It may store evaluation value in 
advance or store evaluation value received from outside 
during the operation of this device instead of prestoring 
them. This is also true of an algorithm-based optimizing 
controller. 
On the other hand, to achieve the above object, the present 

invention provides an algorithm-based optimizing controller 
Which optimizes control characteristics of a control system 
by searching for an optimal solution of an evaluation func 
tion using an optimizing algorithm While repeatedly evalu 
ating output from the evaluation function Which receives 
input of control coef?cients that affect control characteristics 
of the control system for controlling characteristics of a 
controlled object and outputs the control characteristics, 
characterized in that searches based on the optimizing 
algorithm are carried out using a combination of interactive 
evaluation method evaluating the output from the evaluation 
function based on interaction With a user and autonomous 
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evaluation method evaluating the output from the evaluation 
function based on predetermined evaluation criteria. 

With this con?guration, as the output from the evaluation 
function are evaluated repeatedly through the combination 
of the autonomous evaluation method and interactive evalu 
ation method, an optimal solution of the evaluation function 
is searched for by the optimiZing algorithm. When the 
searches are complete, the control system operates based on 
the control coef?cient searched for as the optimal solution, 
thereby optimiZing the control characteristics of the control 
system. 
The algorithm-based optimiZing controller comprises: 

storage means for storing the output from the evaluation 
function; evaluation value calculation means for calculating 
the output from the evaluation function as evaluation value 
and storing it in the storage means; and evaluation input 
means for inputting evaluation made by the user, and the 
interactive evaluation method performs evaluation based on 
entries made through the evaluation input means and the 
autonomous evaluation method performs evaluation based 
on the evaluation values stored in the storage means. 

With this con?guration, the evaluation value calculation 
means calculates the output from the evaluation function as 
evaluation value and stores the calculated evaluation value 
in the storage means. As the user inputs evaluation on the 
evaluation value, interactive evaluation method performs 
evaluation based on content of the inputted evaluation. On 
the other hand, autonomous evaluation method performs 
evaluation based on the evaluation value stored in the 
storage means. In this Way, as the output from the evaluation 
function are evaluated repeatedly through the combination 
of the autonomous evaluation method and interactive evalu 
ation method, an optimal solution of the evaluation function 
is searched for by the optimiZing algorithm. 
An algorithm-based optimiZing controller optimiZes con 

trol characteristics of a control system by searching for an 
optimal solution of an evaluation function using an optimiZ 
ing algorithm While repeatedly evaluating output from the 
evaluation function Which receives input of control coeffi 
cients that affect control characteristics of the control system 
for controlling characteristics of a controlled object and 
outputs the control characteristics, characterized in that: 
searches based on the optimiZing algorithm are carried out 
using a combination of interactive evaluation method evalu 
ating the output from the evaluation function based on 
interaction With a user and autonomous evaluation method 
evaluating the output from the evaluation function based on 
predetermined evaluation criteria; the controller comprises a 
?rst control system for controlling a ?rst characteristic of the 
controlled object, and a second control system for control 
ling a second characteristic of the controlled object; the ?rst 
control system searches for an optimal solution of a ?rst 
evaluation function using the optimiZing algorithm While 
repeatedly evaluating, by the interactive evaluation method, 
the output from the ?rst evaluation function Which receives 
input of control coef?cients that affect control characteristics 
of the ?rst control system and outputs the control charac 
teristics; and the second control system searches for an 
optimal solution of a second evaluation function using the 
optimiZing algorithm While repeatedly evaluating, by the 
autonomous evaluation method, the output from the second 
evaluation function such that the output from the ?rst 
evaluation function Will be Within a predetermined range 
based on the output from the ?rst evaluation function 
determined from the optimal solution found in the optimi 
Zation of the ?rst control system using the second evaluation 
function Which receives input of control coef?cients that 
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4 
affect control characteristics of the second control system 
and outputs the control characteristics as Well as using the 
?rst evaluation function. 

With this con?guration, the ?rst control system searches 
for an optimal solution of the ?rst evaluation function using 
the optimiZing algorithm While the output from the ?rst 
evaluation function are evaluated repeatedly by the interac 
tive evaluation method. The second control system searches 
for an optimal solution of the second evaluation function 
While the output from the second evaluation function are 
evaluated repeatedly by the autonomous evaluation method 
such that the output from the ?rst evaluation function Will be 
Within a predetermined range based on the output from the 
?rst evaluation function determined from the optimal solu 
tion found in the optimiZation of the ?rst control system. 
An algorithm-based optimiZing controller also optimiZes 

control characteristics of a control system by searching for 
an optimal solution of an evaluation function using an 
optimiZing algorithm While repeatedly evaluating output 
from the evaluation function Which receives input of control 
coef?cients that affect control characteristics of the control 
system for controlling characteristics of a controlled object 
and outputs the control characteristics, characterized in that: 
searches based on the optimiZing algorithm are carried out 
using a combination of interactive evaluation method evalu 
ating the output from the evaluation function based on 
interaction With a user and autonomous evaluation method 
evaluating the output from the evaluation function based on 
predetermined evaluation criteria; the controller comprises a 
?rst control system for controlling a ?rst characteristic of the 
controlled object, and a second control system for control 
ling a second characteristic of the controlled object; the ?rst 
control system searches for an optimal solution of the ?rst 
evaluation function using the optimiZing algorithm While 
repeatedly evaluating, by the autonomous evaluation 
method, the output from the ?rst evaluation function Which 
receives input of control coefficients that affect control 
characteristics of the ?rst control system and outputs the 
control characteristics; and the second control system 
searches for an optimal solution of a second evaluation 
function using the optimiZing algorithm While repeatedly 
evaluating, by the interactive evaluation method, the output 
from the second evaluation function such that the output 
from the ?rst evaluation function Will be Within a predeter 
mined range based on the output from the ?rst evaluation 
function determined from the optimal solution found in the 
optimiZation of the ?rst control system using the second 
evaluation function Which receives input of control coeffi 
cients that affect control characteristics of the second control 
system and outputs the control characteristics as Well as 
using the ?rst evaluation function. 

With this con?guration, the ?rst control system searches 
for an optimal solution of the ?rst evaluation function using 
the optimiZing algorithm While the output from the ?rst 
evaluation function are evaluated repeatedly by the autono 
mous evaluation method. The second control system 
searches for an optimal solution of the second evaluation 
function While the output from the second evaluation func 
tion are evaluated repeatedly by the interactive evaluation 
method such that the output from the ?rst evaluation func 
tion Will be Within a predetermined range based on the 
output from the ?rst evaluation function determined from 
the optimal solution found in the optimiZation of the ?rst 
control system. 

In the algorithm-based optimiZing controller set forth in 
claim 5 or 6, the controlled object is an engine; and What 
undergoes the interactive evaluation among the outputs from 
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the ?rst evaluation function and the second evaluation 
function is responsivity determined by a rate of change in 
rotational speed of the engine and a rate of change in throttle 
opening While What undergoes the autonomous evaluation 
among the outputs from the ?rst evaluation function and the 
second evaluation function is fuel consumption of the 
engine. 

With this con?guration, response characteristics are opti 
miZed through the repetition of interactive evaluation 
method in relation to the ?rst evaluation function or second 
evaluation function, Whichever undergoes the interactive 
evaluation While the fuel consumption of the engine is 
optimiZed through the repetition of autonomous evaluation 
method in relation to the ?rst evaluation function or second 
evaluation function, Whichever undergoes the autonomous 
evaluation. 

In the algorithm-based optimiZing controller, the optimiZ 
ing algorithm comprises individuals information manipula 
tion means Which virtually generates a population consisting 
of a set of a plurality of individuals, generates individuals 
information about each of the individuals by likening it to 
genetic information, assigns said control coef?cient to the 
individuals information, and performs information manipu 
lations on the individuals information by imitating gene 
manipulations, evaluation value calculation means Which 
calculates evaluation value of the individuals, and individu 
als selection means Which screen the individuals based on 
the evaluation value calculated by the evaluation value 
calculation means; and the optimiZing algorithm is an evo 
lutionary optimiZing algorithm Which moves processing one 
generation ahead after going through at least one genetic 
manipulation by the individuals information manipulation 
means and one individuals selection by the individuals 
selection means. 

With this con?guration, the individuals information 
manipulation means performs information manipulations on 
the individuals information by imitating gene manipulations, 
the evaluation value calculation means calculates evaluation 
value, and the individuals selection means screen the indi 
viduals based on the calculated evaluation value. Processing 
moves one generation ahead after going through at least one 
genetic manipulation by the individuals information 
manipulation means and one individuals selection by the 
individuals selection means. 

In the algorithm-based optimiZing controller, the con 
trolled object is an engine; and fuel injection quantity of the 
engine, a transient amount of correction for use to correct the 
fuel injection quantity in transient state of the engine, and a 
correction value to the fuel injection quantity or a correction 
value to the transient amount of correction are assigned to 
the individuals information as the control coe?icients. 

With this con?guration, fuel injection quantity of the 
engine, a transient amount of correction, and a correction 
value to the fuel injection quantity or a correction value to 
the transient amount of correction are determined in such a 
Way that high evaluation value can be expected as the 
population evolves. 

In the algorithm-based optimiZing controller, the con 
trolled object is an engine; the fuel injection quantity of the 
engine, the transient amount of correction for use to correct 
the fuel injection quantity in transient state of the engine, 
and the correction value to the fuel injection quantity or the 
correction value to the transient amount of correction are 
generated by neural netWorks; and coupling coef?cients of 
synapses in the neural netWorks are assigned to the indi 
viduals information as the control coef?cients. 
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6 
With this con?guration, fuel injection quantity of the 

engine, a transient amount of correction, and a correction 
value to the fuel injection quantity or a correction value to 
the transient amount of correction are generated by neural 
netWorks and the coupling coefficients of synapses in the 
neural netWorks are determined in such a Way that high 
evaluation value can be expected as the population evolves. 
The algorithm-based optimiZing controller, the controlled 

object is an electric motor; and What undergoes the interac 
tive evaluation among the outputs from the ?rst evaluation 
function and the second evaluation function is a speed 
change rate of the electric motor While What undergoes the 
autonomous evaluation among the outputs from the ?rst 
evaluation function and the second evaluation function is 
poWer consumption of the electric motor. 

With this con?guration, the speed change characteristics 
of the electric motor is optimiZed through the repetition of 
interactive evaluation method in relation to the ?rst evalu 
ation function or second evaluation function, Whichever 
undergoes the interactive evaluation While the poWer con 
sumption characteristics of the engine is optimiZed through 
the repetition of autonomous evaluation method in relation 
to the ?rst evaluation function or second evaluation func 
tion, Whichever undergoes the autonomous evaluation. 
On the other hand, to achieve the above object, the present 

invention provides an optimal solution search program 
Which is a computer-executable program for optimiZing 
control characteristics of a ?rst control system for control 
ling a ?rst characteristic of a controlled object and a second 
control system for controlling a second characteristic of the 
controlled object, by searching for an optimal solution of an 
evaluation function using an optimizing algorithm While 
repeatedly evaluating output from the evaluation function 
Which receives input of control coe?icients that a?fect con 
trol characteristics of the control system for controlling 
characteristics of the controlled object and outputs the 
control characteristics, characterized in that the program 
makes the computer: carry out searches based on the opti 
miZing algorithm using a combination of interactive evalu 
ation method evaluating the output from the evaluation 
function based on interaction With a user and autonomous 
evaluation method evaluating the output from the evaluation 
function based on predetermined evaluation criteria; search 
for an optimal solution of a ?rst evaluation function, in the 
?rst control system, using the optimiZing algorithm While 
repeatedly evaluating, by the interactive evaluation method, 
the output from the ?rst evaluation function Which receives 
input of control coef?cients that a?fect control characteristics 
of the ?rst control system and outputs the control charac 
teristics; and search for an optimal solution of a second 
evaluation function, in the second control system, using the 
optimiZing algorithm While repeatedly evaluating, by the 
autonomous evaluation method, the output from the second 
evaluation function such that the output from the ?rst 
evaluation function Will be Within a predetermined range 
based on the output from the ?rst evaluation function 
determined from the optimal solution found in the optimi 
Zation of the ?rst control system using the second evaluation 
function Which receives input of control coef?cients that 
a?fect control characteristics of the second control system 
and outputs the control characteristics as Well as using the 
?rst evaluation function. 

With this con?guration, the program running on a com 
puter has an e?fect equivalent to that of the optimal solution 
search device. 

Furthermore, the present invention provides an optimal 
solution search program Which is a computer-executable 
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program for optimizing control characteristics of a ?rst 
control system for controlling a ?rst characteristic of a 
controlled object and a second control system for controlling 
a second characteristic of the controlled object, by searching 
for an optimal solution of an evaluation function using an 
optimizing algorithm While repeatedly evaluating output 
from the evaluation function Which receives input of control 
coe?icients that affect control characteristics of the control 
system for controlling characteristics of the controlled object 
and outputs the control characteristics, characterized in that 
the program makes the computer: carry out searches based 
on the optimizing algorithm using a combination of inter 
active evaluation method evaluating the output from the 
evaluation function based on interaction With a user and 

autonomous evaluation method evaluating the output from 
the evaluation function based on predetermined evaluation 
criteria; search for an optimal solution of a ?rst evaluation 
function, in the ?rst control system, using the optimizing 
algorithm While repeatedly evaluating, by the autonomous 
evaluation method, the output from the ?rst evaluation 
function Which receives input of control coe?icients that 
affect control characteristics of the ?rst control system and 
outputs the control characteristics; and search for an optimal 
solution of a second evaluation function, in the second 
control system, using the optimizing algorithm While repeat 
edly evaluating, by the interactive evaluation method, the 
output from the second evaluation function such that the 
output from the ?rst evaluation function Will be Within a 
predetermined range based on the output from the ?rst 
evaluation function determined from the optimal solution 
found in the optimization of the ?rst control system using the 
second evaluation function Which receives input of control 
coe?icients that affect control characteristics of the second 
control system and outputs the control characteristics as Well 
as using the ?rst evaluation function. 

With this con?guration, the program running on a com 
puter has an effect equivalent to that of the optimal solution 
search device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram shoWing a basic concept of the present 
invention; 

FIG. 2 is a block diagram shoWing a basic con?guration 
of the present invention; 

FIG. 3 is a block diagram shoWing a con?guration of an 
engine control system to Which the present invention is 
applied; 

FIG. 4 is a block diagram shoWing a con?guration of an 
interactive optimizer 310; 

FIG. 5 is a diagram shoWing a data structure of individu 
als information; 

FIG. 6 is a ?owchart of processes performed by an 
evolutionary adaptation manager 330; 

FIG. 7 is a block diagram shoWing a con?guration of an 
autonomous optimizer 350; and 

FIG. 8 is a diagram shoWing con?gurations of neural 
netWorks 362a and 36219 and a data structure of individuals 
information. 

FIG. 9 is a ?owchart of processes performed by an 
evolutionary adaptation manager 360; 

FIG. 10 is a diagram shoWing an order of optimizing 
control characteristics of an engine 10 and electronic throttle 
12; 
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8 
FIG. 11 is a diagram shoWing conceptually hoW a teacher 

data set acquires neW teacher data; and 
FIG. 12 is a diagram shoWing conceptually hoW a teacher 

data set is updated. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

An embodiment of the present invention Will be described 
beloW With reference to the draWings. FIGS. 1 to 12 are 
diagrams shoWing an optimal solution search device, algo 
rithm-based optimizing controller, and optimal solution 
search program according to the present invention. 

First, a basic concept of the present invention Will be 
described With reference to FIG. 1. FIG. 1 is a diagram 
shoWing the basic concept of the present invention. 

In its basic con?guration, the present invention comprises 
an object to be optimized 1, an interactive optimizer 2 Which 
determines a ?rst manipulated variable of the object to be 
optimized 1 by an evolutionary optimizing algorithm and 
outputs it While evaluating the object to be optimized 1 by 
interactive evaluation method, and an autonomous optimizer 
3 Which determines a second manipulated variable of the 
object to be optimized 1 by the evolutionary optimizing 
algorithm and outputs it While evaluating the object to be 
optimized 1 by autonomous evaluation method, as shoWn in 
FIG. 1. 
The interactive optimizer 2 determines the ?rst manipu 

lated variable by GA so as to optimize operating character 
istics of the object to be optimized 1 based on operating 
results of the object to be optimized 1 and outputs the 
determined ?rst manipulated variable to the object to be 
optimized 1. 
The autonomous optimizer 3 determines the second 

manipulated variable by the GA so as to optimize operating 
characteristics of the object to be optimized 1 based on 
operating results of the object to be optimized 1 and outputs 
the determined second manipulated variable to the object to 
be optimized 1. 

Next, a basic con?guration of the present invention Will 
be described With reference to FIG. 2. FIG. 2 is a block 
diagram shoWing the basic con?guration of the present 
invention. 

In its basic con?guration, the present invention comprises 
a controlled object 50 and a controller 60 Which controls a 
controlled variable of the controlled object 50 based on 
control results of the controlled object 50, as shoWn in FIG. 
2. 
The controller 60 consists of three control layers: a 

re?ective layer 500, learning layer 600, and evolutionary 
adaptation layer 700. It receives control results from the 
controlled object 50, determines a basic controlled variable 
in the re?ective layer 500 and determines a correction factor 
for the basic controlled variable in the learning layer 600 and 
evolutionary adaptation layer 700 based on the received 
control results, and then determines a ?nal controlled vari 
able based on the basic controlled variable and correction 
factor. Con?gurations of the re?ective layer 500, learning 
layer 600, and evolutionary adaptation layer 700 Will be 
described in detail beloW. 
The re?ective layer 500 comprises a basic control unit 

510 Which de?nes relationship betWeen the basic controlled 
variable and control results using formulas, maps, neural 
netWorks, fuzzy rules, subsumption architecture, etc. The 
basic control unit 510 receives control results from the 
controlled object 50 and determines and outputs the basic 
controlled variable based on the received control results. 
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Incidentally, the subsumption architecture is known as 
behavior-based arti?cial intelligence Which performs paral 
lel processing. 

The evolutionary adaptation layer 700 consists of an 
interactive optimizer 710 Which optimizes the control char 
acteristics of the controlled object 50 by repeating evalua 
tion performed by interactive evaluation method using the 
evolutionary optimizing algorithm and an autonomous opti 
mizer 750 Which optimizes the control characteristics of the 
controlled object 50 by repeating evaluation performed by 
autonomous evaluation method. 

The interactive optimizer 710 has at least one control 
module Which outputs a controlled variable of the controlled 
object 50 based on control results. It is con?gured to 
optimize the control module using GA by repeating evalu 
ation performed by interactive evaluation method Which 
consists in evaluating the control characteristics of the 
controlled object 50 based on interaction With the user. The 
GA virtually generates a population consisting of a set of a 
plurality of individuals and prepares individuals information 
about each of the individuals by likening it to genetic 
information. Control coe?icients for constructing the control 
module are assigned to the individuals information. The 
population evolves as processing moves a predetermined 
number of generations ahead after going through at least one 
genetic manipulation Which consists in performing informa 
tion manipulation on the individuals information by imitat 
ing a gene manipulation and one individuals selection Which 
is made to screen the individuals based on evaluation value 
of the individuals. Hereinafter, a control module built on the 
individuals information about the individual that has the 
highest evaluation value Will be referred to as an “optimal 
control module.” Incidentally, a control module is a unit for 
performing a group of control operations in a control system. 

The autonomous optimizer 750 has at least one control 
module Which outputs an evolutionary correction factor for 
correcting the basic controlled variable received from the 
re?ective layer 500 in line With user requirements based on 
control results. It is con?gured to optimize the control 
module using the GA. After constructing an optimal control 
module, the autonomous optimizer 750 establishes the opti 
mal control module as its control module, performs control 
using the evolutionary correction factor for correcting the 
basic controlled variable received from the re?ective layer 
500, and makes the learning layer 600 learn information 
about the optimal control module. When the learning layer 
600 has learned information about the optimal control 
module, the autonomous optimizer 750 returns its output to 
“l” and subsequently operates according to instructions 
from the user. Thus, the control module of the autonomous 
optimizer 750 performs control only during an evolution 
simulation and during learning. 
The learning layer 600 comprises a learning unit 610 

Which has tWo neural netWorks sWitchable betWeen learning 
and control. The learning unit 610 learns from the evolu 
tionary adaptation layer 700 the relationship betWeen input 
and output of the optimal control module using one of the 
neural netWorks (learning) While performing control With 
the other neural netWork (controlling). When the learning 
neural netWork ?nishes learning, the learning neural net 
Work and the controlling neural netWork change their places: 
the neural netWork Which ?nished learning starts control 
using the control module obtained by learning and the neural 
netWork Which Was performing control starts to function as 
a learning neural netWork. The neural netWorks in the 
learning layer 600 are set to output “1” in initial state. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
Therefore, in initial state, control is performed by the 
re?ective layer 500 and evolutionary adaptation layer 700. 
The controlling neural netWork is con?gured to receive 

control results from the controlled object 50 and output a 
learned correction factor for correcting the basic controlled 
variable received from the re?ective layer 500, based on the 
received control results. This con?guration applies similarly 
to the controlling neural netWork. 
The controller 60 calculates the controlled variable by 

adding the learned correction factor received from the 
learning layer 600 and the evolutionary correction factor 
received from the evolutionary adaptation layer 700 and 
multiplying the basic controlled variable received from the 
re?ective layer 500 by the sum. Then, the controller 60 
outputs the calculated controlled variable to the controlled 
object 50. 
A more concrete embodiment of the present invention Will 

be described beloW. 
This embodiment applies the optimal solution search 

device, algorithm-based optimizing controller, and optimal 
solution search program according to the present invention 
to a case in Which a combination of interactive evaluation 
method and autonomous evaluation method is repeated 
using GA to optimize fuel consumption characteristics and 
response characteristics of an engine 10 for the user as 
shoWn in FIG. 3. 

First, a con?guration of an engine control system to Which 
the present invention is applied Will be described With 
reference to FIG. 3. FIG. 3 is a block diagram shoWing the 
con?guration of the engine control system to Which the 
present invention is applied. 
As shoWn in FIG. 3, the engine control system comprises 

the engine 10, an electronic throttle 12 Which regulates the 
amount of intake air to cylinders, various sensors 20 Which 
detect operating conditions of the engine 10 and electronic 
throttle 12 and output various information (hereinafter 
referred collectively as operation information) about oper 
ating conditions of the engine 10, and a controller 30 Which 
controls the fuel injection quantity of the engine 10 based on 
operation information from the various sensors 20. 
The various sensors 20 detect the operating conditions of 

the engine 10 and electronic throttle 12 and driving state of 
the vehicle and output the rotational speed of the engine 10, 
throttle opening, rate of change in throttle opening, distance 
pulse, and fuel injection quantity as operation information, 
based on the detection results. 
The controller 30 consists of three control layers: a 

re?ective layer 100, learning layer 200, and evolutionary 
adaptation layer 300. It receives the operation information 
from the various sensors 20, determines a basic injection 
quantity in the re?ective layer 100 and determines a correc 
tion factor for the basic injection quantity in the learning 
layer 200 and evolutionary adaptation layer 300 based on the 
received operation information, and then determines ?nal 
fuel injection quantity based on the basic injection quantity 
and correction factor. Con?guration of the re?ective layer 
100, learning layer 200, and evolutionary adaptation layer 
300 Will be described in detail beloW. 
The re?ective layer 100 comprises a basic control unit 110 

Which de?nes relationship of the basic injection quantity and 
a transient correction factor With the operation information 
using formulas, maps, neural netWorks, fuzzy rules, sub 
sumption architecture, etc. The basic control unit 110 
receives operation information from the various sensors 20 
and determines and outputs the basic injection quantity and 
transient correction factor based on the received operation 
information. 
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The evolutionary adaptation layer 300 consists of an 
interactive optimizer 310 Which optimizes the control char 
acteristics (response characteristics) of the electronic throttle 
12 by repeating evaluation performed by interactive evalu 
ation method using the GA and an autonomous optimizer 
350 Which optimizes the control characteristics of the engine 
10 by repeating evaluation performed by autonomous evalu 
ation method. 

The interactive optimizer 310 has at least one control 
module Which outputs valve opening of the electronic 
throttle 12 based on the operation information. It is con?g 
ured to optimize the control module using the GA by 
repeating evaluation performed by interactive evaluation 
method Which consists in evaluating the responsivity based 
on interaction With the user. 

The autonomous optimizer 350 has at least one control 
module Which outputs correction factors (hereinafter, the 
correction factor for correcting the basic injection quantity 
Will be referred to as an evolutionary correction factor While 
the correction factor for correcting the transient correction 
factor Will be referred to as an evolutionary transient cor 
rection factor) for correcting the basic injection quantity and 
transient correction factor received from the re?ective layer 
100 in line With user requirements based on the operation 
information. It is con?gured to optimize the control module 
using the GA. After constructing an optimal control module, 
the autonomous optimizer 350 establishes the optimal con 
trol module as its control module, performs control using the 
evolutionary correction factor for correcting the basic inj ec 
tion quantity received from the re?ective layer 100 and the 
evolutionary transient correction factor for correcting the 
transient correction factor received from the re?ective layer 
100, and makes the learning layer 200 learn information 
about the optimal control module. When the learning layer 
200 has learned information about the optimal control 
module, the autonomous optimizer 350 returns its output to 
“l” and subsequently operates according to instructions 
from the user. Thus, the control module of the autonomous 
optimizer 350 performs control only during an evolution 
simulation and during learning. 
The learning layer 200 comprises a learning unit 210 

Which has tWo neural networks sWitchable betWeen learning 
and control. The learning unit 210 learns from the evolu 
tionary adaptation layer 300 the relationship betWeen input 
and output of the optimal control module using one of the 
neural netWorks (learning) While performing control With 
the other neural network (controlling). When the learning 
neural netWork ?nishes learning, the learning neural net 
Work and the controlling neural netWork change their places: 
the neural netWork Which ?nished learning starts control 
using the control module obtained by learning and the neural 
netWork Which Was performing control starts to function as 
a learning neural netWork. The neural netWorks in the 
learning layer 200 are set to output “1” in initial state. 
Therefore, in initial state, control is performed by the 
re?ective layer 100 and evolutionary adaptation layer 300. 

The controlling neural netWork further comprises tWo 
neural netWorks although not shoWn particularly. One of 
them is con?gured to receive throttle opening and engine 
speed as operation information from the various sensors 20 
and output the correction factor (hereinafter this correction 
factor Will be referred to as a learned correction factor) for 
correcting the basic injection quantity received from the 
re?ective layer 100 based on the received information. The 
other neural netWork is con?gured to receive the rate of 
change in the throttle opening and the engine speed as 
operation information from the various sensors 20 and 
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12 
output the correction factor (hereinafter this correction fac 
tor Will be referred to as a learned transient correction factor) 
for correcting the transient correction factor received from 
the re?ective layer 100 based on the received information. 
This con?guration applies similarly to the learning neural 
netWork. 

The controller 30 produces a ?rst product by adding the 
learned correction factor received from the learning layer 
200 and the evolutionary correction factor received from the 
evolutionary adaptation layer 300 and multiplying the basic 
injection quantity received from the re?ective layer 100 by 
the sum. Also, it produces a second product by adding the 
learned transient correction factor received from the learning 
layer 200 and the evolutionary transient correction factor 
received from the evolutionary adaptation layer 300 and 
multiplying the transient correction factor received from the 
re?ective layer 100 by the sum. Then, it calculates the fuel 
injection quantity by multiplying the ?rst product by the 
second product, and outputs the calculated fuel injection 
quantity to the engine 10. 

Next, con?guration of the interactive optimizer 310 Will 
be described With reference to FIG. 4. FIG. 4 is a block 
diagram shoWing the con?guration of the interactive opti 
mizer 310. 

As shoWn in FIG. 4, the interactive optimizer 310 com 
prises an interface 320 Which handles input and output 
from/to the user, evolutionary adaptation manager 330 
Which optimizes the control characteristics of the engine 10 
by conducting a GA-based evolution simulation, and evalu 
ation unit 340 Which calculates GA’s evaluation value of 
individuals. 
The interface 320 comprises a display 324 Which displays 

the evaluation value of individuals during evolution simu 
lations and an input unit 322 Which alloWs the user to enter 
evaluation. During evolution simulations using the GA, the 
display 324 displays the evaluation value (responsivity 
described later) of individuals in each generation and the 
user enters an evaluation through the input unit 322 based on 
body sensations such as ride sensations. 

The evaluation unit 340 consists of a responsivity calcu 
lator 342 Which calculates responsivity based on operation 
information. The responsivity calculator 342 receives the 
throttle opening and engine speed as the operation informa 
tion, calculates the rate of change in the engine speed and the 
rate of change in the throttle opening, calculates responsivity 
by dividing the rate of change in the engine speed by the rate 
of change in the throttle opening, and outputs the calculated 
responsivity as the GA’s evaluation value of individuals to 
the evolutionary adaptation manager 330. 
The evolutionary adaptation manager 330 has a control 

module 332. The control module 332 de?nes relationship 
betWeen throttle opening and valve opening based on tWo 
control coe?icients SP1, and SP2 Which represent static 
characteristics of the throttle opening and valve opening as 
Well as on tWo control coe?icients DR (?rst-order lag 
element) and AG (inexact differential element) Which rep 
resent dynamic characteristics of the throttle opening and 
valve opening, receives the throttle opening as operation 
information, determines the valve opening based on the 
received throttle opening, and outputs it to the electronic 
throttle 12. 

The tWo control coefficients SP1, and SP2 Which represent 
static characteristics and tWo control coe?icients DR and AG 
Which represent dynamic characteristics are assigned to 
GA’s individuals information about individuals. Speci? 
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cally, they are assigned as shown in FIG. 5. FIG. 5 is a 
diagram showing a data structure of the individuals infor 
mation. 

The GA’s individuals information about individuals con 
tains the tWo control coefficients SP1, and SP2 in high order 
part to represent static characteristics, and tWo control 
coef?cients DR and AG in loW order part to represent 
dynamic characteristics. For example, if one control coef 
?cient consists of 16 bits of data, the individuals information 
contains 64 bits of data in total. Random numbers are used 
as initial individuals information generated for each indi 
vidual When starting an evolution simulation. To ensure 
responsivity to a certain extent, it is desirable to limit the 
range of random numbers. In other Words, random numbers 
should not be generated in such ranges Where the respon 
sivity Would be degraded. 

Next, processes carried out by the evolutionary adaptation 
manager 330 Will be described in detail With reference to 
FIG. 6. FIG. 6 is a ?oWchart of processes performed by the 
evolutionary adaptation manager 330. 

The GA gives random initial values to each individual and 
arranges the individuals in search spaces, applies genetic 
manipulations knoWn as crossover and mutation to each 
generation, propagate or select the individuals according to 
evaluation value of the individuals, and thereby obtains a set 
of individuals of the next generation. The GA is intended to 
approach an optimal solution asymptotically by repeating 
such generation changes. NoW, crossover, mutation, and 
selection Which are genetic manipulations Will be described 
beloW. 

Crossover is a manipulation Which involves designating 
at least tWo individuals as parents, changing part of the 
individuals information about the parent individuals, and 
thereby generating one or more individuals that Will become 
descendants. By combining better part of the individuals 
information on one individual and better part of the indi 
viduals information on another individual, it Will be possible 
to obtain an individual With a higher evaluation value. For 
example, When generating tWo descendants by using tWo 
individuals as parents, if the individuals information on one 
of the parent individuals is “000110” and the individuals 
information on the other parent individual is “110111,” by 
crossing over the tWo at the third place, it is possible to 
obtain a descendant that has individuals information 
“000111” and a descendant that has individuals information 
“1101 10.” 
A mutation is a manipulation Which changes a speci?c 

part of individuals information about individuals at a pre 
determined probability. It increases variety Within the popu 
lation. Speci?cally, this manipulation inverts a speci?c bit in 
individuals information. For example, if the individuals 
information about a certain individual is “000111” and a 
mutation occurs on the third digit, an individual With indi 
viduals information “001111” is obtained. 

Selection is a manipulation Which preserves better indi 
viduals in a population for the next generation according to 
the evaluation value of individuals. According to a selection 
method knoWn as roulette selection, each individual is 
selected at a probability proportional to its evaluation value. 
For example, if the evaluation value of individuals With 
individuals information “000000,” “111011,” “110111,” 
“010111” are “8,” “4,” “2,” and “2,” respectively, the 
probabilities that these individuals Will be selected are “8/16,” 
“4/16,” “2/16,” and “2/16,” respectively. Thus, on average, in 
this population, the number of individuals With the individu 
als information “000000” Will increase to tWo, the number 
of individuals With the individuals information “111011” 
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14 
Will remain at one, and either the individual With the 
individuals information “110111” or the individual With the 
individuals information “010111” Will remain in the next 
generation. HoWever, the evolutionary adaptation manager 
330 selects individuals based on user selections. 

With the above in mind, the processes carried out by the 
evolutionary adaptation manager 330 Will be described. The 
processes shoWn in the ?oWchart of FIG. 6 are executed by 
a CPU according to a program, for example, read out of a 
ROM. 

First, the evolutionary adaptation manager 330 goes to 
Step S100, Where it judges Whether an evolution start 
instruction, Which is an instruction to start an evolution 
simulation, is received from the input unit 322. If it is judged 
that an evolution start instruction is received (Yes), the 
evolutionary adaptation manager 330 goes to Step S102. 
OtherWise (No), the evolutionary adaptation manager 330 
Waits at Step S100 until an evolution start instruction is 
received. 

In Step S102, the evolutionary adaptation manager 330 
virtually generates a population consisting of a set of a 
predetermined number (e.g., nine) of individuals and pre 
pares individuals information about each of the individuals. 
In this case, the tWo control coefficients SP1, and SP2 Which 
represent static characteristics and tWo control coefficients 
DR and AG Which represent dynamic characteristics are 
assigned to the individuals information on each individual. 
Random numbers are used for the individuals information 
on each individual. By generating one individual With all the 
digits in its individuals information set to “0,” it is possible 
to keep response performance during the evolution process 
above the level before the evolution. Incidentally, the indi 
viduals information about each individual is stored and 
managed in a storage unit such as a RAM. 

Next, the evolutionary adaptation manager 330 goes to 
Step S104, Where it reads the individuals information about 
the headmost individual. Then, the evolutionary adaptation 
manager 330 goes to Step S106, Where it constructs a control 
module 332 based on the individuals information read out 
and starts controlling the electronic throttle 12 using the 
constructed control module 332. 

Next, the evolutionary adaptation manager 330 goes to 
Step S108, Where it acquires responsivity from the evalua 
tion unit 340. It constructs a control module 332 based on the 
individuals information and starts controlling the electronic 
throttle 12 using the constructed control module 332. The 
evolutionary adaptation manager 330 uses the acquired 
responsivity as an evaluation value of the individual. The 
higher the evaluation value, the more excellent the indi 
vidual can be regarded as in the GA-based evolution simu 
lation. 

Next, the evolutionary adaptation manager 330 goes to 
Step S110, Where it judges Whether all the individuals in the 
population have gone through Steps S106 to S108. If it is 
judged that all the individuals have gone through the steps 
(Yes), the evolutionary adaptation manager 330 goes to Step 
S112. 

In Step S112, the evolutionary adaptation manager 330 
displays the responsivity of each individual as its evaluation 
value on the display 324. The evolutionary adaptation man 
ager 330 goes to Step S114, Where it alloWs the user to enter 
evaluation via the input unit 322. When the evaluations of all 
the individuals in the population have been displayed, con 
trol enters an evaluation mode. In the evaluation mode, 
When the user selects individuals With desired characteristics 
by looking at the evaluation displayed on the display 324, 
the evolutionary adaptation manager 330 constructs a con 
















